Introduction
This text provides a technical description of the aggregated one-region (global) two-good version of IMACLIM-S used in the TranSust project. The two goods are energy E and an aggregate of all other productions, or composite good, Q.
Notwithstanding such a high level of aggregation, IMACLIM-S is presented in a generalised i-sector format, to limit the number of equations to be commented upon and give a sense of how the composite sector is disaggregated in other versions of the model. The formulary is preceded by a short overview describing the purpose of the model and its general architecture.
I. IMACLIM-S: an overview
IMACLIM-S is a static general equilibrium framework designed to assess the macroeconomic impacts of a price-or quantity-based carbon policy at some medium-to long-term horizon. It focuses on the sensitivity of such impacts to the technical abatement costs and the particulars of the policy tools (tax reforms, trading systems, technical or emission standards) triggering abatement. It is built to allow for the description of economies with: (i) a suboptimal equilibrium on the labour market; and (ii) behaviours of the underlying technical systems that cannot be approximated by 'well-behaved' production or utility functions for large departures from the reference scenario.
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The shifts of technical systems impact upon an aggregated induced technical change encompassing learning by doing and research and development activities; IMACLIM-S thus operates in an endogenous technical change framework.
Relying on the method of comparative-static analysis, it provides insights that are valid under the assumption that the transition from the reference growth path to a carbon-constrained equilibrated growth path is completed, and does not imply any transitory disequilibrium that would affect the derived equilibrium.
The main feature of IMACLIM-S is that assumptions regarding both the baseline projection of the energy system and its price-response at the projected time horizon are harmonised with information from a bottom-up energy model, completed by a limited set of exogenous assumptions:
• The baseline projection to the time horizon is devised to be price-and quantity-consistent with a bottom-up projection of the energy system, based on shared assumptions regarding main economic and demographic drivers.
• At the time horizon, the response of the input-output (IO) coefficients and of consumers to new relative prices is captured through envelops of the functions generated by various carbon prices, as reconstructed from bottom-up information. This method amounts to capturing the bias in technical change induced by the carbon constraint through a set of varying point elasticities. As opposed to conventional production specifications, the use of envelope functions allows for representing technical asymptotes and technological breakthroughs. In order to capture the rate and not only the direction of technical progress, IMACLIM-S carries out a comparative-static analysis of an endogenous growth mechanism: investment triggers a Hicks-neutral technical progress affecting factors productivity. Crowding-out effects of biasing the direction of technical change are computed by withdrawing the investment dedicated to carbon abatement from total investment (under the assumption of a constant saving ratio), modulo spillover assumptions.
The most extensive calibrated version of IMACLIM-S to date pictures 14 world regions and three goods (composite, transformed energy, fossil fuels); for more in-depth scrutiny of issues such as the role of fiscal reforms, competitiveness of exposed carbon-intensive industry or distributive effects, a nine-sector two-region (country or region analysed and rest of the world) version is preferred.
The following technical description presents the one-region two-good version of IMACLIM-S used during the TranSust project. It entails a nomenclature of notations and a formulary of 28 equations, completed by a brief comment on each of the latter.
II. Model nomenclature
As a comparative-static model, IMACLIM consists in a system of equations: k E Unit fixed capital consumption in the production of energy E (in real terms).
K i
Consumption of good i in fixed capital formation (in real terms). In the two-sector version of the model, K E is irrelevant and K i boils down to
l Q Labour intensity of the composite good (unit labour consumption in the production of good Q, in real terms).
p Ci Consumer price of good i, household consumption.
p Gi Consumer price of good i, public consumption.
Φ Q Endogenous technical progress coefficient applying to the composite production. Normalised in the business-as-usual projection (see below).
Energy production is not corrected by a similar coefficient: it is assumed that the more detailed bottom-up (BU) expertise providing the basis of energy technology shifts (endogenous variations of the α EE and k E coefficients) takes into account all sources of factor productivity variations. Payroll tax rate in the production of good i.
T Total tax and social security contributions.
Θ Q
Decreasing returns coefficient applying to composite production. Normalised in the BAU projection. Energy production is not corrected by a similar coefficient (see Φ Q above).
u Unemployment rate.
w E Net wage in the production of energy.
Y i
Output of good i (in real terms).
Calibrated Parameters
α QQ Composite intensity of the composite good (unit consumption of the composite good Q in its own production, input-output coefficient).
α QE Composite intensity of the energy good (unit consumption of the composite good Q in the production of energy E, input-output coefficient).
The degree of approximation stemming from fixing α QQ and α QE is limited by the highly aggregated nature of good Q.
G i
Public ( 
III. Formulary
In the following equations, notations with a '0' subscript stand for values in the BAU projection.
Goods market
Technology biases
Productivity factors
IV. Comments on the equations
(1) Producer prices are defined according to the cost structure of production, that is, the sum of intermediate consumption, labour costs, capital amortisement, an output tax and a relative mark-up. Inputoutput coefficients α ji , labour consumption l i and capital amortisement k i are multiplied by a decreasing returns coefficient Θ i and divided by a technical progress coefficient Φ i .7 The underlying theoretical stance is that the quantity-together with the substitutability and eventually the balance-of physical factors consumptions in the production are linked to the particular capital structure induced by the carbon policy under scrutiny.
7 As previously indicated the two coefficients impact the composite cost structure only (that is,
(2-4) Consumer prices equal the producer prices plus taxes, including, for the consumption of households, 8 a tax on the related carbon emissions.
(5) Consumer price index (Laspeyres defined). (12) Government's budget constraint: public income equals public consumption plus transfers to the households.
(13) Revenue neutrality assumption: r T the ratio of total public revenues over total nominal output is held constant (at its calibrated value);
another possible assumption, with non-negligible impacts on the 8 Neither investment nor public expenditures consume any energy goods in national accounting systems-public expenditures are concentrated on a single 'public good' produced by a public sector with its own cost structure. 9 Again, see Ghersi and Hourcade (2006) . simulation results, is a constancy of the public revenue to gross domestic product (GDP) ratio.
Payroll tax rates evolve identically in all sectors.
(15) Balance on the investment market: total investment equals the sum of total fixed capital consumption and of a constant share of households' revenues (constant saving ratio).
(16) Balance on the labour market: total labour equals the sum of employed and unemployed labour. Not detailing this equilibrium for every production amounts to the implicit assumption of 'mobile'-not sector-specific-labour. 
